Abstract: Fluxes of major ions and nutrients were measured in the watershed-lake ecosystem of a strongly acidified lake, Plešné jezero (Plešné Lake), in the Czech Republic in hydrological years from 2001 through 2005. The lake is situated in a Norway spruce forest and has a steep watershed between elevations of 1090 and 1378 m. The average water input and output from the ecosystem was 1372 mm and 1157 mm (37 L km −2 s −1 ), respectively, and the water residence time averaged 306 days. Despite ecosystem recovery from acidification occurring since the late 1980s, the Plešné watershed was an average net source of 25 mmol SO ). Photochemical liberation from organic complexes was an additional in-lake source of Ali. The net in-lake retention or removal of total phosphorus, total nitrogen, and silica were on average 50%, 27%, and 23%, respectively. The lake was a net source of NH + 4 due to a cease in nitrification (pH < 5) and from NH + 4 production by dissimilation exceeding its removal by assimilation.
release were the dominant terrestrial sources of H + (72 and 49 mmol m −2 yr −1 , respectively) and the watershed was a net source of 24 mmol H + m −2 yr −1 . Ionic composition of surface inlets showed seasonal variations, with the most pronounced changes in NO − 3 , ionic Al (Ali), and DOC concentrations, while the composition of subsurface inlets was more stable. The in-lake biogeochemical processes reduced on average 59% of the incoming H + (251 mmol H + m −2 yr −1 on a lake-area basis). NO − 3 assimilation and denitrification, photochemical and microbial decomposition of allochthonous organic acids, and SO 2− 4 reduction in the sediments were the most important aquatic H + consuming processes (358, 121, and 59 mmol H + m −2 yr −1 , respectively), while hydrolysis of Ali was the dominant in-lake H + generating process (233 mmol H + m −2 yr −1 ). Photochemical liberation from organic complexes was an additional in-lake source of Ali. The net in-lake retention or removal of total phosphorus, total nitrogen, and silica were on average 50%, 27%, and 23%, respectively. The lake was a net source of NH
+

Introduction
This second part of a study on element fluxes in the strongly acidified Bohemian Forest lakes and their watersheds provides data on Plešné jezero (Plešné Lake), the most fertile lake in the lake district (Vrba et al., 2000 (Vrba et al., , 2003 . After sparse historical studies from the end of the 19 th century (Frič, 1873) and the early 1960s (Procházková & Blažka, 1999) , the chemistry of Plešné Lake has become the subject of regular monitoring since 1984 (Veselý, 1988; Veselý et al., 1998a, b) . The historical data on chemical and biological research of Plešné Lake were summarized by Veselý (1994) and Hejzlar et al. (1998) . The lake was atmospherically acidified already in the early 1960s (pH < 5.4) and acidification progressed until the middle 1980s, when pH ranged between 4.4 and 4.7 (Veselý et al., 1998b; Majer et al., 2003) . The lake has been recovering from acidification since the late 1980s, with the current pH values approaching ∼5, but still has a depleted carbonate buffering system, and sulfate (SO 2− 4 ) remains the dominant anion (Kopáček et al., 2002c) .
Scientific interest in Plešné Lake was heightened by both the rapid reversal of lake water chemistry from acidification and higher nutrient concentrations than in other Bohemian Forest lakes. Hejzlar et al. (1998) performed the first complex limnological study of Plešné Lake including water and sediment chemistry and biota. Since 2000, regular research on the lake has been further intensified, focusing on fluxes of major ions within the watershed and lake, water-sediment interactions, and in-lake nutrients cycles (Kopáček et al., 2000a (Kopáček et al., , 2001a . The aim of this paper is to evaluate major fluxes of ions and nutrients within the Plešné watershed-lake ecosystem in five hydrological years from 2001 through 2005, and compare them with analogous fluxes observed in the most acidified ecosystem in the Bohemian Forest, Čertovo jezero (Čertovo Lake; Kopáček et al., 2006 ).
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Fig. 1. Map of the Plešné Lake watershed (bold dashed line, 13
• 52 E, 48 • 47 N) with the locations of sampling sites. Lake waterfull circle at the maximum depth in the bathymetric map of the lake, tributaries PL-I to PL-IV, weir, precipitation, and throughfall (TF-L, low elevation; TF-H, high elevation). The area with black triangles represents the rocky, sparsely forested, steep lake wall.
Material and methods
Study site
Plešné Lake is situated in the Bohemian Forest (the Šumava Mountains) at the Czech-Austrian border (13
• 52 E, 48
• 47 N; ∼150 km south of Prague) and at an elevation of 1090 m a.s.l. It is a dimictic lake of glacial origin (∼ 14,600 yr old; PRAŽÁKOVÁ et al., 2006) , with an area of 7.5 ha, maximum depth of 17.5 m, and theoretical water residence time of 0.8 yr. The lake is mesotrophic, with Secchi transparency of 1-1.5 m and a thermocline depth of 4-5 m. The lake is usually ice-covered from December to April and anoxia occurs in the hypolimnion during both winter and summer temperature stratification, with dissolved O2 concentrations < 1 mg L −1 below the 14-15 m depth (KOPÁČEK et al., 2000b) . The lake volume is 6.17×10 5 m 3 , of which 39%, 35%, and 26% are in the 0-4 m, 4-9 m, and 9-17.5 m layers, respectively (ŠVAMBERA, 1939) . The lake has two surface inlets (PL-I and PL-II) and two known subsurface inlets (PL-III and PL-IV) (Fig. 1) .
Plešné Lake is fishless, submersed littoral macrophytes are sparse (∼0.02 ha), zooplankton are present in low densities (< 1% of the total plankton biomass), and the phytoplankton community is dominated by acid-tolerant species of green algae, dinoflagellates, and filamentous cyanobacteria (VRBA et al., 2003) . Details on the historical development of cladocerans and chironomids in the lake are given by PRAŽÁKOVÁ et al. (2006) and TÁTOSOVÁ et al. (2006) , respectively. The recent biological status of the lake is evaluated by NEDBALOVÁ et al. (2006) .
The watershed of Plešné Lake (66.6 ha including the lake) is steep, with a maximum local relief of 288 m. The forest (covering ∼90% of the watershed) is 160 years old on average and dominated (99%) by Norway spruce. Details on the current forest and understory vegetations and their development are given by SVOBODA et al. (2006a, b) and JANKOVSKÁ et al. (2006) , respectively. Since 2004, the forest has been damaged by a bark beetle infestation covering ∼40% of its area. The bedrock is formed by granite (VESELÝ, 1994) . The watershed is covered with ∼0.2 m deep leptosol (38%), and ∼0.45 m deep podsol (29%) or dystric cambisol (27%); the rest is bare rocks (5%) and wetlands (∼1%). Fine soil is rich in sand (∼75%) and low in clay (∼2%), and its watershed-weighted-mean pool is 92 kg m −2 (< 2 mm, dry weight soil fraction). Soil pH (CaCl2 extractable) is low, with minimum values of 2.5-3.1 in Ahorizons and maximum (3.2-4.4) in the deepest mineral horizons. The mean effective cation exchange capacity of the soils is 129 meq kg −1 (NH4Cl and KCl extractable), of which 15% is base saturated and the remaining is dominated by exchangeable Al 3+ (57%) and protons (28%) (KOPÁČEK et al., 2002b) . The forest soils of the Plešné watershed are important sources of P and organic C for the surface inlets and the lake .
Sampling and analyses
Water samples were taken from November 2000 to October 2005. Atmospheric deposition was collected in bulk samplers situated at three plots within 0.5 km of Plešné Lake. Precipitation was sampled in an open rocky area without trees (2 samplers, bulk deposition) at an elevation of 1090 m (Fig. 1) . Throughfall was sampled at two forest plots (9 samplers each) at elevations of 1130 m (TF-L) and 1328 m (TF-H). At each site, all samples were combined for one integrated sample. Rain was sampled in two-week intervals, and snow in two-to four-week intervals. Tributaries were sampled in three-week intervals. Surface tributaries were sampled near their inlets to the lake and the water disElement fluxes in watershed-lake ecosystem of Plešné Lake S429 charge value was estimated using a bucket and stop-watch; discharges of subsurface PL-III and PL-IV were not measured. In sub-catchments containing several tributaries in close proximity (PL-I and PL-II), an integrated sample was taken, with sample volumes proportional to the discharge of the individual streams. Samples were immediately filtered through a 40-µm polyamide sieve to remove coarse particles re-suspended from the stream bed by the sampler.
Samples from the outlet were taken biweekly, and weekly during snowmelt. The discharge from the lake was continuously monitored using a gauge-recorder (readings in 15-min intervals) at a calibrated weir. A water column profile (0.5, 4, 9, 14, and 17 m) was sampled at the deepest part of the lake. Temperature and dissolved oxygen were measured with a DataSonde 4 (Hydrolab, USA) at 1-m intervals. The samples of lake water were immediately filtered through a 200-µm polyamide sieve.
In the laboratory, samples were filtered with either membrane filters (pore size of 0.45 µm) for the determination of ions, or with glass-fiber filters (pore size of 0.4 µm) for other analyses, except for samples for pH, acid neutralizing capacity (ANC, determined by Gran titration), and total concentrations of Al, P, C, and N, which were not filtered beyond the field pre-filter. Dissolved and particulate organic C (DOC and POC) in lake water were analyzed with a TOC 5000A analyzer (Shimadzu) and a TOC/TN analyzer (Formacs). Soluble reactive P (SRP) was determined by the molybdate method. Total and dissolved P (TP and DP) were determined by perchloric acid digestion and the molybdate method. 
were determined by ion chromatography (Dionex IC25, USA). For details on methods see the previous part of this study .
Fractionation of aluminum and iron, i.e., total (AlT, FeT), organically bound (Alo, Feo), ionic (Ali, Fei), and particulate (Alp, Fep) were obtained as described by KOPÁČEK et al. (2006) Alo, Feo, and pH (KOPÁČEK et al., 2000b) .
The reliability of the analytical methods was checked by means of an ionic balance control approach (KOPÁČEK et al., 2000b) . The difference between the sum of cations and the sum of anions was < ±4% of the total ionic content in the annual volume (or discharge) weighted mean composition of precipitation, throughfall, tributaries, lake water, and output.
Mass balances
Mass balance of chemical constituents and their fluxes in Plešné Lake and its watershed soils were calculated analogously to Čertovo Lake with the following exceptions: (i) Water balance was determined from annual heights of precipitation and throughfall and the budget for Cl − . In this calculation we assumed that 10% and 40% of watershed area received atmospheric deposition in the form of precipitation before and after the bark beetle infestation of the forest, respectively. Throughfall deposition (for the rest of watershed) was the average of sites TF-L and TF-H. (ii) The terrestrial export of elements to the lake was calculated from concentrations in the four tributaries as follows. First, the average composition of surface input was obtained as the discharge-and period-weighted mean for surface tributaries PL-I and PL-II, and as just the period-weighted mean for subsurface tributaries PL-III and PL-IV because their discharges were unknown. Second, the proportion of subsurface (r) and surface (1 − r) tributaries in the terrestrial water input to the lake was estimated from the balance for Ca 2+ ions (equation 1) using the difference in Ca 2+ concentrations in the subsurface and surface tributaries:
where QIN, QP, and QOUT (all in m 3 yr −1 ) are water input into the lake from the watershed, direct atmospheric deposition on the lake surface (precipitation), and water output from the lake, respectively. CSUBSUR, CSUR, CP, and COUT (all in mol m −3 ) are concentrations of Ca 2+ in subsurface and surface tributaries, precipitation, and in the lake output, respectively. PL (mol yr −1 ) is the net retention of Ca
2+
in the lake sediments and ∆ML (mol yr −1 ) is the change in storage of Ca 2+ in the lake during the mass balance period (individual hydrological years). The net Ca retention in sediment (500 mol yr −1 ) was estimated from the average mass accumulation rate and the average concentration of Ca 2+ in the uppermost sediment layer (KOPÁČEK et al., 2001a) . The average r value, obtained from equation (1), was 0.3, suggesting that ∼30% of the terrestrial water export entered the lake via the subsurface inlets in 2001-2005. Uncertainty associated with this mass budget approach and frequency of sampling is discussed in the first part of this study .
Net terrestrial and aquatic production (or consumption) of protons and the contributions of individual constituents to these processes were estimated from budgets for ions, using the equation of electroneutrality; changes in concentrations of ionic P and Si forms were neglected (for details see KOPÁČEK et al., 2006) .
Results and discussion
Fluxes of major chemical constituents
The annual volume weighted mean compositions of TF-L and TF-H were similar, but element depositions were higher at higher elevation due to an on average 26% higher amount of throughfall (Tab. 1). The gradient of throughfall deposition between TF-L and TF-H was ∼2 mm m −1 of elevation, i.e. two times higher than in the Čertovo watershed . The difference was mostly associated with the TF-L sites, because the Plešné TF-L site received on average 8% lower annual deposition despite having an 85 m higher elevation than the Čertovo TF-L site. The reason behind the difference is unclear and was probably associated with watershed morphology, because both TF-H sites (situated at similar elevations near the watershed summits) received similar water inputs.
Throughfall deposition of conservative ions (Na + , Cl − , and SO 2− 4 ) was on average ∼2 fold higher than that of precipitation (bulk deposition) at a similar elevation (TF-L vs. precipitation; Tab. 1). Comparable ratios of throughfall flux to precipitation flux were found for NO − 3 , H + , and TP (2.1, 1.7, and 1.8, respectively), indicating a minor impact of the canopy on their deposition in the watershed. Substantially elevated throughfall fluxes were observed for K + (9.9 times), DOC (6.5 times), and Ca 2+ , Mg 2+ and DON (3.1-3.7 times). In contrast, the NH + 4 concentrations were less (or negatively) affected by canopy interactions, being only 1.4 times higher in the throughfall deposition. These differences between throughfall and precipitation fluxes were analogous to those observed in the Čertovo watershed, and are discussed in more detail in the first part of this study • C in PL-I and PL-IV, respectively), temperature of subsurface inlets had negligible seasonal variability, with minimum and maximum values of 3.2 and 4.6
• C, respectively, over the study period.
The inlets of Plešné Lake had one order-ofmagnitude higher concentrations of TP than inlets of Čertovo Lake and other Bohemian Forest lakes . The TP pool was dominated by SRP (on average 75%), while SRP concentrations were only rarely above the detection limit of 0.05 µmol L −1 in terrestrial inlets of other lakes . This high terrestrial P input is the major reason for Plešné Lake Element fluxes in watershed-lake ecosystem of Plešné Lake S431 Table 2 . Discharge and time weighted mean composition of individual inlets (PL-I to PL-IV; average for annual data for the whole study period), total terrestrial input via all tributaries and output (annual data), and volume weighted mean composition of water of Plešné Lake at the start (November 2000) and end (October 2005) of the study. having the highest productivity of the Bohemian Forest lakes. The most probable reasons for the high terrestrial P export from the Plešné watershed are (i) higher P release from the granitic bedrock (while mica schist dominates in the rest of lake district), (ii) a lower overall phosphate sorption capacity of the Plešné soils (due to the lower concentrations of Fe oxides and lower pools of podsol and dystric cambisol, and a higher proportion of less-adsorbing leptosol), and (iii) high microbial P transformations and enzymatic P hydrolysis (Šantrůčková et al., 2004; . The difference in bedrock composition between the watersheds was also the most probable reason for ∼2 times higher Ca 2+ , F − , and Si concentrations, 40% higher Na + concentrations, but 50% lower Mg 2+ concentrations in the inlets of Plešné Lake in comparison with the inlets of Čertovo Lake (Tab. 2 vs. Kopáček et al., 2006) .
PL-I PL-II PL-III PL-IV
The chemical composition of surface inlets had more pronounced seasonal variability than the subsurface inlets for all parameters (Figs 2, 3) . Generally, the chemistry of the total input flux to Plešné Lake exhibited similar seasonal variability and trends to that of the Čertovo Lake inlets , with NO − 3 concentrations having the most pronounced seasonal variability of all water constituents, but differed in the following patterns: (1) the pH of both surface and subsurface inlets to Plešné Lake slightly but significantly declined (P < 0.001 and < 0.01, respectively) despite significantly (P < 0.001 for both) decreasing SO 2− 4 concentrations over the study period (Fig. 2) . (2) The NO − 3 concentrations had smaller seasonal variability in the Plešné inlets during the first three hydrological years, while substantially higher thereafter (Fig. 2) . A rapid increase in NO (Fig. 2) , reflecting the continual forest dieback due to the bark beetle attack on Norway spruce stands. According to the analogous situation in the nearby Bavarian Forest, we can expect elevated NO − 3 leaching for the next ∼5 years (Huber, 2005) . (3) The high NO − 3 leaching was compensated for by elevated terrestrial losses of base cations (not shown; P < 0.001-0.01 for Ca 2+ , Mg 2+ , Na + and K + ) and higher mobilization of Al i (Fig. 2 ) in both surface and subsurface inlets.
Compared to the chemistry of surface and subsurface inlets, the discharge weighted mean composition , and TP concentrations in the surface inlets were higher, and those in the subsurface inlets lower, than in the lake outlet throughout the seasonal cycle (Figs 2, 3) . The mixing of surface with subsurface waters and direct atmospheric deposition on the lake surface thus caused a partial dilution of organic matter, organically bound metals and TP supplied by the surface inlets. The major mechanisms reducing their concentrations in the outlet water were, however, inlake assimilatory processes and sedimentation for P , and photochemical and microbial processes for DOC, Al o , and Fe o (Kopáček et al., , 2005 .
Water budget
Water input into the watershed-lake ecosystem of Plešné Lake (i.e., deposition on the forest floor and on the lake surface) varied between 7.7 × 10 5 and 1.2 × 10 6 m 3 yr −1 (i.e., 1155 and 1803 mm on a whole watershedarea basis) in the extremely dry and wet years of 2003 and 2002, respectively (Tab. 3). The average water input and output (specific outflow) from the ecosystem was 1372 mm and 1157 mm (37 L km −2 s −1 ), respectively, for the study period. The resulting average evaporation from the ecosystem (16%) was similar to that observed in the Čertovo watershed . This estimation of evaporation is based on deposition on the forest floor. The amount of throughfall was, however, lowered by evaporation from canopies. Consequently, the total evaporation from the watershed was higher than the observed value due to the direct evaporation from canopies. Water residence time in Plešné Lake varied between 218 days in 2002 and 395 days in 2003, and averaged 306 days for the whole study period. Explanations: * Terrestrial part of watershed; ** specific outflow from the whole watershed, including the lake.
Soil sources and sinks of protons
The H + deposition on the forest floor was 27 ± 9 mmol m −2 yr −1 (average ± standard deviation), given on a watershed-area basis, and soils were an additional net source of 24 ± 3 mmol H + m −2 yr −1 in the Plešné watershed (Tab. 4). The major proton generating processes were N transformations and SO −2 yr −1 , respectively). In contrast, the watershed export of K + was lower than its deposition on the forest floor (Tab. 4), as is typical for other forest ecosystems (Johnson, 1992) ; a more detailed discussion is done by Kopáček et al. (2006) . Based on throughfall deposition, the net proton neutralization due to weathering and exchange reactions of base cations (Ca H + 18 ± 5 2 7 ± 9 5 1 ± 9 24.5 ± 3 Ca 2+
6 ± 1 1 5 ± 3 2 4 ± 4 9 . 4 ± 4 −19 ± 8 Mg 2+
2 ± 0.3 5 ± 1 9 ± 2 3 . 4 ± 1 −7 ± 2 Na + 11 ± 1 1 6 ± 2 5 4 ± 7 3 8 ± 7 −38 ± 7 K + 4 ± 1 2 8 ± 3 1 2 ± 2 −16 ± 2 1 6 ± 2 NH (Tab. 4). This result was affected, however, by the canopy exchange of Ca 2+ , Mg 2+ , and K + . A higher terrestrial H + reduction due to reactions of base cations in soils is obtained, assuming that the total atmospheric input of base cations to the terrestrial ecosystem is equal to their precipitation flux increased by dry deposition. The total atmospheric input of base cations can be estimated on the basis of their deposition by precipitation and the proportion of the deposition of conservative ions by throughfall and precipitation fluxes (i.e., ∼2 fold higher). Hence, if we assume the input of base cations to be 2 × the precipitation flux (i.e., 30.6 × 2 = 61 meq m −2 yr −1 ) and subtract it from their terrestrial export (132 meq m −2 yr −1 ; Tab. 4), then the terrestrial H + reduction due to reactions of base cations amounts to 71 mmol m −2 yr −1 . This flux, representing the maximum estimate of the neutralizing effect of base cations for the Plešné watershed, was 50% higher than the analogous data for the Čertovo watershed (46 mmol H + m −2 yr −1 ; Kopáček et al., 2006) . This difference reflects the higher base saturation of soils in the Plešné catchment (15% vs. 9%) and the different bedrock (Kopáček at al., 2002a, b) .
In total, terrestrial processes produced and consumed 142 and 114 mmol H + m −2 yr −1 (Tab. 4), resulting in the net terrestrial production of 28 mmol H + m −2 yr −1 . Thus, the estimated net terrestrial H + production was similar to the average value of 24 mmol H + m −2 yr −1 estimated from the H + budget (based on pH measurements), suggesting a reasonable precision in the determination of the major ionic fluxes. The net terrestrial H + production in the Plešné watershed was half that in the Čertovo watershed. Besides the higher H + neutralization associated with base cations, the lower NH lower source of H + for the Plešné watershed, because almost all the deposited NH + 4 was consumed by terrestrial processes (Tab. 4). The higher NH + 4 deposition to the Čertovo watershed could have resulted from its closer vicinity to Germany, where specific emissions of NH 3 are two times higher than in the Czech Republic (Berge, 1997) .
In-lake sources and sinks of protons The total H + input into Plešné Lake by atmospheric deposition and inlets averaged 423 mmol m −2 yr −1 (on a lake-area basis). The average H + output was 170 mmol m −2 yr −1 and the in-lake storage of H + increased slightly by 2 mmol m −2 yr −1 due to the pH decline from 5.02 to 4.97 during the study (Tab. 2). The net inlake proton consumption, estimated on the basis of this H + budget, was 251 ± 25 mmol m −2 yr −1 . A similar value for the in-lake H + removal (250 mmol m −2 yr −1 ) resulted from the difference between all important inlake acidity consuming (555 mmol H + m −2 yr −1 ) and producing (305 mmol H + m −2 yr −1 ) processes (Tab. 5). From the total in-lake consumption of H + , reductions in NO − 3 , A − , and SO 2− 4 concentrations represented 64, 22, and 11%, respectively (Tab. 5). In contrast, Al i hydrolysis (Stumm & Morgan, 1981) along the increasing pH gradient between the inlet and outlet (Tab. 2) and beElement fluxes in watershed-lake ecosystem of Plešné Lake 2 . 9 ± 1.5 3.4 ± 1.1 0.3 ± 1.9 −0.1 ± 1.2 Feo 10.5 ± 3.3 7.6 ± 2.7 −2.8 ± 1.6
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Explanations: Values are given on a lake-area basis; ND -not determined. * Sum of atmospheric deposition on the lake surface (see precipitation in Tab tween the epilimnion and hypolimnion (on average 4.93 and 5.62 in the 0.5 and 16.5 m depth, respectively) dominated (76%) the total internal H + production (Tab. 5). The NO − 3 reduction was the dominant internal alkalinity generating process, which is typical for acidified lakes with elevated NO − 3 inputs (Kelly et al., 1987; Schindler, 1986) . The process removed on average 358 ± 77 mmol NO − 3 m −2 yr −1 , i.e., 50% of the total NO − 3 input to the lake by inlets and direct atmospheric deposition, neutralizing thus the equivalent amount of H + . The lake ability to remove NO − 3 is usually assessed using the following two coefficients: (i) R NO3 = the NO − 3 removal coefficient (the ratio of net in-lake NO − 3 removal to the total NO − 3 input; e.g., 358/723 = 0.50 for the data from Tab. 5), and (ii) S NO3 = the mass transfer coefficient for NO − 3 (m yr −1 ), which is equivalent to its settling velocity. The relationship between S NO3 and R NO3 values is given by equation (2) (Kelly et al., 1987) :
where q s (m yr −1 ) is the areal water load per unit area of the lake. The q s value can be calculated as q s = QA W /A L , where Q is watershed runoff (m yr −1 ) and A W and A L are watershed and lake areas, respectively (Kaste & Dillon, 2003) . Both the R NO3 and S NO3 values are related to the total in-lake NO − 3 removal, i.e., to the sum of denitrification and assimilation fluxes. Most acidified lakes with elevated NO − 3 inputs usually receive low P inputs, their primary production is P-limited, the algal uptake of N is low, and their NO − 3 removal is dominated by denitrification in the sediments (Schindler, 1986; Molot & Dillon, 1993; Kaste & Dillon, 2003) . While Čertovo Lake represents such a typical acidified oligotrophic lake, Plešné Lake receives both high NO − 3 and P inputs (Tab. 2). Due to high primary production in Plešné Lake, N assimilation was higher than the NH + 4 input (the primary N source for freshwater phytoplankton) and NO − 3 assimilation became an alternative N source for the seston. Consequently, NO − 3 assimilation and denitrification contributed almost equally to the total in-lake NO − 3 removal in Plešné Lake, while denitrification was the major NO − 3 sink in Čertovo Lake (Tab. 6). The higher denitrification rate in Čertovo Lake (Tab. 6) was probably associated with higher NO − 3 concentrations above the lake bottom (Kopáček et al., 2000a (Kopáček et al., , 2001b , which caused higher NO − 3 diffusion into the sediments. The average S NO3 values were two-fold higher in Plešné than in Čertovo Lake (11 vs. 5 m yr −1 ) but both values were within the range of similar data (2.8-12.7; on average 6.4 m yr −1 ) reported for 20 European and North American lakes by Kelly et al. (1987) and Kaste & Dillon (2003) .
The average in-lake removal of SO
2− 4
in Plešné Lake represented ∼8% of its total input and was re- removal (e.g., for Čertovo Lake, 235 mmol m −2 yr −1 ). In both calculations we neglect N 2 fixation by the phytoplankton in the lakes and assume that NH + 4 is usually the primary N source for freshwater phytoplankton (PROCHÁZKOVÁ et al., 1970; WETZEL, 2001) , i.e., NO removal was ∼30% lower than in Čertovo Lake . The related mass transfer coefficients for SO 2− 4 (S SO4 ), calculated analogously to S NO3 (Kelly et al., 1987) , were 0.9 and 1.3 m yr −1 for Plešné and Čertovo Lakes, respectively, in [2001] [2002] [2003] [2004] [2005] . These values were ∼2 times higher than similar data provided by Kelly et al. (1987) for lakes with similar SO
concentrations and water residence times. The reason for this difference is not clear and could be associated with the sediment composition of the Bohemian Forest lakes. The sediments have an unusually low content of dry matter and high concentrations of organic matter in the surface layer (Borovec, 2000) .
The average in-lake reduction of organic acids (121 meq A − m −2 yr −1 ) resulted from photochemical and biological degradation of recalcitrant DOC. More details on these processes in Plešné Lake are given elsewhere Porcal et al., 2004) . The photochemical and microbial decomposition removed a significant part of DOC supplied by surface inlets (Tab. 5) and decreased DOC concentrations in the outlet (Fig. 3) . In addition to lowering A − concentrations, photochemical transformation of DOC liberated a significant part of organically bound Al o and Fe o (Tabs 7, 8) . Consequently, the Al o and Fe o concentrations and the ability of DOC to bind metals [the (Al o + Fe o ) : DOC ratios] were lower in the outlet than in surface inlets throughout the study (Fig. 3) hydrolyzed to either less-charged species (the average n charge decreased from 2.33 in the lake inlets to 1.65 in the outlet) or to Al(OH) 3 (with n = 0), i.e., to Al p . Of the Al T entering the lake, 97% was in the dissolved form (Al i , 62%; Al o , 35%) and Al p was ∼3%. The average Al i and Al o proportions in the Al T pool decreased to 50% and 27%, respectively, while that of Al p increased to 23% in the lake output (Tab. 2). The H + production by Al n+ i hydrolysis was two times higher in Plešné than in Čer-tovo Lake , due to higher water pH and, consequently, higher Al p formation (Tab. 7). The proportion of Al p retained in the lake (deposited in the sediments) was similar in both lakes (on average 65% and 72% of in-lake Al p production in Plešné and Čertovo Lake, respectively; Tab. 7). In this study we assume that the Al p formation was dominated by Al i hydrolysis to Al(OH) 3 and its precipitation, i.e. the Al p was mostly formed by inorganic and not organic Al compounds. Previous studies showed that outlet waters of both lakes were seasonally oversaturated with respect to the Al(OH) 3 mineral phase (Kopáček et al., , 2005 , thus forming favorable conditions for coagulation of allochthonous organic matter (Driscoll & Postek, 1995) . Despite these favorable conditions, the coagulation of DOC (and the associated Al o ) was a less important Al o sink than its photochemical liberation (Kopáček et al., 2005) . The neglecting of Al o coagulation in Table 7 thus suggests that this process was quantitatively less important than the Al o liberaElement fluxes in watershed-lake ecosystem of Plešné Lake decreased in the lake from the average m value of 1.14 in the inlet to 1.02 in the outlet. In contrast to Al n+ i , the lake was a net source of Fe m+ i and, consequently, an in-lake sink for H + (Tab. 5). There were two possible sources of Fe i : (i) Fe i can be liberated from sediments during anoxia as Fe 2+ (Wetzel, 2001 . Both Plešné and Čertovo Lakes exhibited negative sedimentation rates for Fe p (Tab. 8). This suggests that the lake received some unmeasured Fe p source, e.g. deposition of needles from shoreline trees (Psenner, 1984) or overland flow.
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In-lake sinks and sources of nutrients Plešné Lake was a net sink for all nutrients, removing on average 50% of TP, 27% of total N (sum of NH + 4 , NO − 3 , and TON), and 23% of Si inputs (Tab. 5). The average Si removal of 293 ± 84 mmol m −2 yr −1 was probably too high to be explained by sedimentation of diatoms, which are sparse in Plešné Lake (Vrba, et al., 2003; Nedbalová et al., 2006) . Similarly as in Čertovo Lake , we assume that abiotic processes could contribute to the internal Si sink in Plešné Lake, besides the sedimentation of biogenic Si. One such probable process is precipitation of hydroxyaluminosilicates, the secondary mineral phase formed from Si(OH) 4 and Al hydroxides (Schneider et al., 2004) .
